Pure preparations of FC receptors, obtained under nondenaturing conditions, showed in sodium dodecyl sulfate-polyacrylamide gel electrophoresis two doublets of proteins with apparent molecular masses of 30 and 90 kD. In the present paper we describe the isolation and identification of the primary structure of the 30-kD doublet proteins. Sequencing studies of peptides resulting from the digestion of the 30-kD protein showed a full identity with a 14-3-3-like protein from corn, named CF14. The 14-3-3 family is a class of proteins that is widely distributed in eukaryotes and is known to play various regulatory roles. The 30-kD protein has been immunologically identified by specific antibodies prepared against a synthetic peptide based on the determined amino acid sequence. A similar protein is recognized in partially purified FC receptor preparations from bean and spinach leaves.
Although in the last few years progress has been made in the elucidation of mode of action of FC (Aducci et al., 1988; Johansson et al., 1993; Rasi-Caldogno et al., 1993) , the primary structure of the FC receptor is still unknown. Different groups have reported on the purification of FC-binding proteins from various plants (de Boer et al., 1989; Feyerabend and Weiler, 1989; Oecking and Weiler, 1991) , showing that the putative FC receptor is a protein in the range of 30 to 35 kD.
Recently we have described the purification of the FC receptor from com (Zea mays L.) shoots using HPLC (Aducci et al., 1993) . SDS-PAGE of highly purified samples revealed the occurrence of two doublets corresponding to proteins of apparent molecular masses of 90 and 30 kD. Irradiation of the partially purified receptor, previously incubated with * ComesDondine author; fax 39-6-2023500. tritiated azido-FC, resulted in labeling of the 90-kD protein under conditions that did not affect FC binding. In contrast, labeling of the 30-kD protein occurred only under conditions that severely impaired the binding activity. From our data we inferred that the minimal functional FC receptor has an apparent molecular mass of 90 kD. However, the presence of the 30-kD protein in fractions retaining an FC-binding capacity after extensive purification (5000-fold increase of specific FC-binding activity) suggests a tight association of the two proteins during chromatographic separations, including gel filtration, when performed under nondissociating conditions. This suggests a possible regulatory role for the 30-kD protein in the FC signaling pathway. These results prompted us to further purify the FC receptor to obtain pure samples of the 30-and 90-kD proteins suitable for primary structure determination, cloning, and expression.
In this paper we report on the separation of the 30-and 90-kD proteins from com by RP HPLC chromatography and partial elucidation of the primary structure of the 30-kD protein and its immunological identification by antibodies directed to a synthetic peptide based on the determined amino acid sequence.
MATERIALS AND METHODS

Chemicals
FC was prepared as described by Ballio et al. (1968) .
[3H]FC was obtained according to Ballio et al. (1980) . Chemicals used for gel electrophoresis and the DEAE-HPLC column were from Bio-Rad.
Plant Material
Com seeds (Zea mays L. var Paolo from Dekalb, Mestre, Italy) were grown for 6 d under conditions described previously (Aducci et al., 1993) . Vicia fuba L. leaves were from 1-month-old plants. Spinach (Spinacia oleracea) seedlings were purchased from local markets.
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Isolation of the 30-kD Protein
Partially purified FC receptors were obtained as described previously (Aducci et al., 1993) . Briefly, crude solubilized receptors were prepared from com shoot microsomes by the method described by Aducci et al. (1986) . Solubilized proteins were preincubated for 30 min with 10 nM [3H]FC and fractionated on a HPT column, and the active fractions were further purified by DEAE-HPLC chromatography in Beckman System Gold equipment. Fractions containing [3HJFC-receptor complexes (0.1 mg total protein) were dialyzed, freeze-dried, resuspended in 0.2 mL of 0.2% aqueous TFA and 0.1% OG, and loaded, at a flow rate of 1 mL min-', on a Supelcosil LC304 HPLC-RP 4.6 X 250 mm column. The column was equilibrated in 70% solvent A (0.1% aqueous TFA, 0.005% OG) 30% solvent B (100% CH3CN, 0.1% OG).
Protein elution was performed by a 25-min linear gradient up to 90% solvent B, 10% solvent A. Two-milliliter fractions were collected, freeze-dried after evaporation of CH3CN in a Speed-Vac apparatus, and analyzed by SDS-PAGE (10% amylamide) on a Mini-Protean apparatus from Bio-Rad.
Amino Acid Sequence Analysis
For determination of the N-terminal sequences, a partially purified FC receptor preparation was separated on a polyacrylamide-SDS gel, which was subsequently blotted onto PVDF membranes. After staining with Coomassie brilliant blue R-250, the 30-and 90-kD doublets were sequenced using an Applied Biosystems (Foster City, CA) automatic sequenator model 477A.
For intemal amino acid sequence analysis, 936 pmol of purified 30-kD doublet were reduced and alkylated with tributylphosphine/4-~inylpyridine. Of this material, 889 pmol were digested with endoproteinase Lys-C. The digested material was separated by RP HPLC on a Nucleosil 10 Cls column (2 X 150 mm). Fractions containing pure peptides were sequenced.
The purified 30-kD doublet (977 pmol) was subjected to hydrolysis in the gas phase with 5.7 N HCl for 2 h at 166OC and the amino acid composition was determined on an HP1090 Aminoquant apparatus (Hewlett-Packard) using a two-step o-phthalaldehyde and 9-fluorenylmethoxycarbonyl derivatiza tion.
Digestion, isolation of peptides, and sequence and amino acid composition analysis were done by Eurosequence (Groningen, The Netherlands).
Synthesis and Analysis of the DNA Probe by PCR
Standard molecular biological techniques were performed according to Sambrook et al. (1989) . PCR amplification was done with com genomic DNA as a template (Clontech, Palo Alto, CA), using two primers, P1 and P2, having the following sequences:
P1: 5' GAAATGGTCGAATTCATGGAG 3' P2: 5' CCTGTGGTAATCACCCTTCAT 3'. The primers were based on the peptide sequences obtained from the 30-kD doublet. Because of the observed homology with the 14-3-3-like barley protein, the nucleotide sequence of the primers was based on the barley gene. The resulting 300-bp DNA fragment was digested with EcoRI, a site present in primer P1, cloned into pUCl8 linearized with JfincII and EcoRI, and subjected to double-strand sequencing.
Antiserum and Western lmmunoblotting
A 20-amino acid peptide having the sequence Thr-ValAsp-Ser-Glu-Glu-Leu-Thr-Val-Glu-Glu-Arg-Asn-Leu-LeuSer-Val-Ala-Tyr-Cys was synthesized by Neosystem (Strasbourg, France). The original Lys residue was substituted by a Cys at the C terminus to allow coupling to cialeimideactivated BSA (Pierce, Rockford, IL). The conjugation was performed following the manufacturer's instructions. Peptide (2 mg) was reacted with 2 mg of activated BSA at 28OC for 4 h. The reaction was monitored using the Ellman's reagent for free sulfhydryl groups. The antigen (1 mg) was mixed (l:l, v/v) with Freund's complete adjuvant and injected into a rabbit. Two booster injections (0.5 mg) with Freund's incomplete adjuvant were given at 2-week intervals. Elicitation of anti-peptide antibodies was monitored by mean; of ELISA performed on Pro-Bind plates (Falcon) coated with the peptide. The antiserum was incubated with 3% BSA, centrifuged at 100,OOOg for 30 min, and used for westem blotting analysis under the following conditions: samples for immunoblotting were run on 12% SDS-PAGE according to Laemmli (1970) and electrotransferred on nitrocellulose or PVDF membranes using a semidry LKB apparatus (2 h, 0.8 mA After overnight incubation with antiserum (1:600 dilution), immunoreactive proteins were detected using horseIadish peroxidase-conjugated secondary antibodies (Bio-Rad).
RESULTS
Isolation of Proteins
A good separation of the 30-and 90-kD polypeptides present in purified FC receptor preparations was 21 prerequisite for sequencing. Since previous attempts to sepxate these proteins under native conditions were without success (Aducci et al., 1993) , RP chromatography in the presence of detergent was performed (Fig. 1) . As shown in the SDS-PAGE profile (Fig. 2) of the eluted fractions, the two proteins were well separated. The purified 30-kD protein was obtained in suitable amounts for sequencing studics. In fact, starting from 200 mg of crude solubilized com proíeins, 1 mg of total proteins after the first two chromatographic: steps and 50 pg (1.7 nmol) of the 30-kD protein after RP chromatography were recovered. On the other hand, the 90-kD protein was obtained in minor amounts and was found to tie contaminated with a calmodulin-like protein (results not shown), thus hampering the sequence studies. Amino acid analysis of the 30-kD protein did not reveal any peculiarities (data not shown). Because 11 Arg and 22 Lys residues were expected, on the basis of amino acid composition analysis, it was decided to digest the protein with endoproteinase Lys-C to limit the number of peptides. By preparative RP HPLC three peptides were isolated and sequenced. The sequences are reported in Figure 3 . A comparison with sequences in the EMBL protein data bank showed 90% identity with a protein from barley that is highly homologous to the 14-3-3 family of mammalian proteins (Aitken et al., 1992; Brandt et al., 1992) . Peptides 1 and 3 were sequenced as a mixture that could be distinguished easily because of the differences in initial yield (peptide 1, 45 pmol; peptide 3, 5 pmol) and the homology with the 14-3-3 protein. Peptide 2 was sequenced at an initial yield of 75 pmol. No other sequences were found.
PCR Amplification
PCR amplification with genomic corn DNA as a template resulted in a 300-bp product, which was cloned and sequenced. During the course of these studies, the cDNA sequence of a protein from corn, designated GF14, was reported (de Vetten et al., 1992) . This protein, which was found to be associated with the G-box binding complex, is highly homologous to the 14-3-3 protein family. Although the function and localization of the GF14 is completely different from that of the 30-kD protein present in purified FC receptor preparations, the two proteins were identical on the basis of the peptide sequences determined (Fig. 3) .
As with GF14, a limited number of homologous genes encoding the 30-kD protein, which hybridize with the PCR fragment, can be detected in our preparation (data not shown). 
Antibody Production and Western Blot Analysis
Immunological studies were done to localize the 30-kD protein and to detect its occurrence in FC receptor preparations from other plant species. A 20-amino acid peptide, corresponding to amino acids 37 to 56 of the barley protein, was synthesized, conjugated to BSA, and injected into a rabbit to raise polyclonal antibodies. Figure 4 shows western blots of 33-and 31-kD proteins in partially purified fractions of FC receptors from corn (lane 2). Both were recognized by the antiserum, confirming that they are two isoforms of the same protein. When partially purified fractions of FC receptors from spinach and V. faba leaves were immunoblotted (lanes 3 and 4, respectively) only one band (31 kD) was detected.
Immunodetecrion of the 30-kD proteins in different subcellular fractions from corn shoots resulted in the recognition of the upper M T band of the doublet in the plasma membrane and of the lower M, band in the cytosolic fraction (Fig. 5) . It is worth noting that no cross-reaction was observed with the 90-kD protein present in crude or purified fractions. (106, 80, 49, 32, 27 , and 18 kD from Bio-Rad). Immunoblotting conditions were the same as in Figure 4 . 14-3-3-like proteins are present in both plasma membrane and cytosolic fractions, but in the latter only the lower M, isoform is detected. B, SDS-PACE (12% acrylamide). The amount of protein loaded was: 40 jig (1), 80 /ig (2), 60 M g (3), 20 ^g (4).
complex. Purification by RP chromatography of the 30-kD protein in amounts sufficient for protein sequencing has allowed identification of the sequences of three peptides, which were found to be highly homologous to the sequence reported for a protein from barley that is also closely related to a family of mammalian proteins known as 14-3-3.
The functions associated with the members of this protein family are quite diverse. Whereas 14-3-3 refers to a class of proteins isolated from mammalian brain described as protein kinase-dependent activators of Trp and Tyr hydroxylases (Ichimura et al., 1988) and as protein kinase C inhibitors (Aitken et al., 1990) , the corn GF14 is described as a G-boxbinding factor and, because of its wide distribution in monocots and dicots, as a potential regulatory protein associated with the promoter region of many genes. On the other hand, the barley protein has been found to increase after infection of barley leaves by Erysiphe graminis (Brandt et al., 1992) , and may therefore play a role in plant-pathogen responses. The evolutionary conservation of this class of proteins supports the idea that they have a multifunctional regulatory role. At variance with the distribution of the 14-3-3-like proteins, which are usually cytosolic, the 30-kD protein described in the present paper was isolated from the plasmalemma. This localization and the probable association of the 30-kD protein in an FC receptor complex indicates an involvement of this protein in the early events of FC signal transduction. The high sequence homology of the 30-kD doublet with regulatory proteins widespread in FC-insensitive eukaryotes seems to rule out the possibility that the 30-kD doublet is the FC receptor per se. Moreover, the demonstration that antibodies against the 30-kD protein do not cross-react with the 90-kD FC receptor rules out the possibility that the 30-kD polypeptide is derived from the 90-kD protein.
In conclusion, the data reported here suggest the involvement of the 30-kD protein in FC signal transduction; however, the type of interaction with the 90-kD protein and the calmodulin-like protein needs further clarification. In this respect the finding that two cytoskeleton-associated proteins of 30 and 33 kD are receptors for activated protein kinase (Mochly Rosen et al., 1991a , 1991b ) is of interest. These data showed that recognition is due to a short sequence (Fig. 3) also present in the 30-kD protein from com. Moreover, the recent finding that a 14-3-3 homolog isolated from peas is able to inhibit in vitro protein kinase C purified from sheep brain (Hirsch et al., 1992 ) implies a general function of this class of proteins as regulators of protein kinase C-like kinases in eukaryotes. These observations point to a potential role for this class of proteins in plant signal transduction. In particular, the role of the 30-kD protein in the early events of FC perception and transduction may be clarified by studying its relationships with FC receptors and the final physiological target, the H+-ATPase.
